2,3-Dihydrobenzofur-2,3-yleneacetic acid, 1,2-dihydro-l,2-naphthyleneacetic acid, and cis-and trans-2,3-dihydrothionaphthen-2,3-yleneacetic acid have been shown to competitively inhibit auxin-induced growth of Avena coleoptile sections, and thus are antiauxins.
I. INTRODUCTION The molecules of many substances possessing auxin activity contain the following structural features: (1) a ring system, (2) a double bond in a ring, (3) a side chain on one of the doubly bound carbon atoms, (4) an unsubstituted carbon atom ortho to the side chain, (5) a carboxyl group (or a structure equivalent to a carboxyl group) on this side chain, (6) a particular space relationship between the ring and the carboxyl group (Thimann 1951) . McRae and Bonner (1953) have shown that molecules lacking in one of the features (4), (5), or (6) above, but with all other features intact, will competitively inhibit auxin-induced extension growth and thus qualify for definition as antiauxins (Tukey et ale 1954) . In this study, molecules in which the double bond requirement (2) is replaced by a cyclopropane ring are investigated for growth activity in the Avena section extension test. Other molecules, in which a double bond in the side chain of an auxin has been replaced by a cyclopropane ring, have also been investigated. The cyclopropane ring is a strained structure and, in this situation, is probably the closest structural approach to a double bond that can be made. Most of the cyclopropane derivatives used here have been synthesized by the addition of ethyl diazo acetate to carbon-carbon double bonds of heterocyclic systems (Badger et ale 1958; Badger, Rodda, and Sasse 1958) ; unfortunately no addition product is formed with indole and thus the cyclopropane analogue of 3-indolylacetic acid (IAA) could not be tested. All samples were tested for homogeneity by paper chromatography in butanol-ammonium carbonate, using methyl red as indicator.
Only trans-2-phenylcyclopropanecarboxylic acid was slightly contaminated. The geometrical configurations of the two 2,3-dihydrothionaphthen-2,3-yleneacetic acids have not been unequivocally proven. But Badger, Rodda, and Sasse (1958) present evidence for the acid, m.p. 148°0, being the trans-acid. In other cases the isomer present could not be specified, but all samples contained only one isomer.
III. METHODS
Series of concentrations of the above substances were tested alone and in mixtures with a series of concentrations of IAA in the Avena coleoptile section extension test. The method of McRae and Bonner (1953) was followed except in the following details: in preliminary tests, the growth of 3-mm coleoptile sections over 20 hr was measured, and in tests for use in kinetic studies, 6-mm sections were grown for 10 hr, during which period growth was proportional to time. The methods for the treatment of results have also been fully described by McRae and Bonner (1953) .
IV. RESULTS
In Tables 1 and 2 are shown the results of preliminary tests to establish the general nature of the growth activity of the substances.
trans-2-Phenylcyclopropanecarboxylic acid (Ib), 2,3-dihydrothionaphthen-2,3-yleneacetic acid dioxide (VIII), and 1,2-3,4-tetrahydronaphth-l,2-3,4-di(yleneacetic acid) (IV) were found not to influence coleoptile section extension or the extra extension induced by added IAA. 3-Thionaphthenylacetic acid dioxide (VII) at 10-4 M slightly inhibited lAA-induced growth and it has been shown also to inhibit seed germination (Schlesinger and Mowry 1951) . cis-2-Phenylcyclopropanecarboxylic acid (Ia) and 3-thionaphthenylacetic acid (V) promoted coleoptile section growth, thus confirming previous claims (Crook, Davies, and Smith 1937; Veldstra and van de Westeringh 1951) , based on other test tissues, that these substances were auxins.
2,3-Dihydrobenzofur-2,3-yleneacetic acid (II), 1,2-dihydro-1 ,2-naphthyleneacetic acid (III), and cis-and trans-2,3-dihydrothionaphthen-2,3-yleneacetic acid (VIa and VIb) were inactive alone (Table 1 ) and inhibited IAA-induced growth ( Table 2 ). The four substances were then tested with IAA under the conditions required for the application of the kinetic treatment of McRae and Bonner (1953) to the growth results. As is shown in Figure 1 , the criteria for competitive inhibition of IAA-induced growth were met for each substance. These substances can thus be called antiauxins. It has been shown that replacement of a double bond, adjacent to the side chain, in the auxins 1-naphthylacetic acid, 3-thionaphthenylacetic acid, and 3-benzfuranylacetic acid by a cyclopropane ring produces antiauxins (III, VIa, Vlb, II). Of the two cyclopropane derivatives (IV, VIII) that did not exhibit antiauxin activity, one was not an analogue of an auxin (VII) and the growth activity of the other parent compound, 1,4-naphthyldiacetic acid, has not been investigated. If the replacement of the double bond by a cyclopropane ring had been the only structural change that had occurred, then another instance of the creation of antiauxins by the elimination of one structural feature essential for auxin activity could be added to those discussed by McRae and Bonner (1953) . But in the cyclopropane derivatives, the carboxyl group was attached to a fused ring carbon atom rather than a side chain carbon atom and the ortho hydrogen atoms were not equivalent to those in the parent auxin molecules. McRae and Bonner (1953) found that weak auxins could competitivelyinhibit IAA-induced growth, but there is no evidence for the substances II, III, VIa, or VIb being auxins (Table 1) .
Some auxins such as cis-cinnamic acid have a double bond in the side chain. The replacement of this double bond by a cyclopropane ring produces another auxin, cis-2-phenylcyclopropanecarboxylic acid, as has been demonstrated here for Avena sections and by Veldstra and van de Westeringh (1951) for split pea epicotyls. + IAA plus trans-2,3-dihydrothionaphthen-2,3-yleneacetic acid (Vlb), 5 X 10-s M •
• IAA plus 1,2-dihydro-l,2-naphthyleneacetic acid (III), 2 X 10-5 M .
o IAA plus cis-2,3-dihydrothionaphthen-2,3-yleneacetic acid (VIa), 2 X 10-4 M .
This result might suggest that, in a side chain, a double bond and a cyclopropane ring are equivalent. This is not supported by the finding that replacement of the double bond in the antiauxin trans-cinnamic acid by a cyclopropane ring produces the growth-inactive trans-2-phenylcyclopropanecarboxylic acid. Ohem, Soc. 1958: 4777-9. 
